Binding of a positron to neutral atomic species is also investigated using an iterative method.
approximation essentially emerges if one ignores Coulomb correlations and the correlation contribution to the kinetic energy in the Kohn-Sham theory [24] . Recently, Holas and March [25] have shown that the HS potential can be obtained from the full second order density matrix. The total atomic energies and various one electron properties of work formalism are practically equivalent to those of HF theory [26] . Unlike other local exchange-only density functionals, the work formalism of HS selectively gives convergent orbitals and eigenvalues for negative ions that are comparable to the HF accuracy [30] . In the present communication, we address the problem of positron binding to anions and atoms within the exchange-only work formalism. The purpose of the present work is two-fold: 1) To compute the positron affinities and binding energies using local orbital-independent density functional theory. 2) To test the work formalism of the Harbola-Sahni for the description of many electron-positron system. The computed positron affinities, binding energies and < r n > − moments (n = −1 through 2) within the work formalism are compared against their restricted Hartree-Fock (RHF) counterparts. For the neutral atom-positron bound states we use an iterative method similar to the one used by Patrick and Cade [12] . The plan on the presentation is as follows:
In section II we outline the theory of work formalism for the description of electron-positron system while section III deals with the results and discussion which will be followed by conclusions in section IV.
II. THEORY
The non-relativistic Hamiltonian H for an N-electron and one positron system is the sum of the electronic part H e (atomic units are used throughout),
consisting of the kinetic energy of electrons, the electron-nuclear interaction, the electron-electron repulsion, and the Hamiltonian H p for a positron,
containing the positron kinetic energy, the nucleus-positron repulsion and the positron-electron attractive interaction.
Within the exchange-only work formalism of Harbola-Sahni the local exchange potential is obtained as the work done in moving an electron in the electric field E of its Fermi hole ρ x ( r, r ) charge distribution, that is,
with
and
Now, in order that the effective potential experienced by electron is well defined the curl of the "exchange electric field" represented by Eq. (4) should vanish. This is the case for the closed shell atoms and open shell atoms in the central field approximation in which the present calculations have been carried out (see references [24] , [26] for details).
It is to be the noted that HS exchange potential obtained this way differ from the exact Kohn-Sham potential only by the kinetic correlation contribution [27, 24] . The orbitals, φ i , in Eq. (5) are the solutions of the (Kohn-Sham like)
Here, n
is the positron density with ψ + being the solution of the corresponding differential equation for the positron
The effective potential seen by the positron in the exchange-only formalism also has the interpretation as the work done in moving the positron in the field of the electronic and nuclear charge distribution. Eqs. (6) and (7) are solved self consistently to obtain the ground state energy of the electron-positron combined system which is expressed as
The first two terms, T e and T p denote respectively, the kinetic energy of electrons and the positron, the next two terms represent the attractive and the repulsive interaction energies of the electrons and a positron with the nuclear charge, E x is the exchange energy while the last two terms signify the electron-electron and electron-positron interaction energies respectively. The expressions for the calculation of exchange energy and electron-electron interaction energies can be found in the appendix of Ref. [28] . The electron-positron energy can be obtained by following the steps exactly similar to the electron-electron case and emerges as
Here, R nl and R + n l are respectively the radial parts of the electron orbitals and the positron orbitals, and N nlm is the orbital occupancy. The 3j symbols in Eq. (9) arise due to integration over the solid angle Ω ≡ Ω(θ, φ).
The Herman-Skillman code [29] , modified for the Harbola-Sahni potential has been further modified in order to incorporate the positron. The calculations are carried out in the central-field approximation for the systems Li − through F − except for Be − and N − and the halide ions. In order to obtain the ground state of an anion A − , we start with converged potential of the neutral atom A and perform self-consistent calculation. The converged potential of the anionic system A − was then taken as a starting potential for the anion-positron self-consistent calculation. This was done in order to achieve fast convergence. In the following section we present our main results.
III. RESULTS
The total energies of the anion-positron bound states calculated in the present formalism and the corresponding restricted HF (RHF) energies for the positron in different states are displayed in Table I . The RHF numbers for total energies, positron and positronium affinities against which we compare our results are due to Patrick and Cade [12] and Cade and Farazdel [16] . The present total energies are in good agreement with the HF energies. The differences in parts per million between the energies of the present work and those of the HF theory are given in Table II for the anion-positron bound state (the positron is in the 1s orbital). The differences diminish with the size of the anion.
It is also evident from the table that the calculated total energies are slightly higher than the HF energies. This is expected since the HS orbitals differ from the HF orbitals which variationally minimize the total energy.
The positron affinity is defined as [5] . We compute the positronium affinities using the following two definitions:
Positronium affinities computed from Eq. (11) are compared against the restricted Hartree-Fock (RHF) positronium affinities [12, 16] in Table III . While for all the systems investigated the present and the RHF values of positronium affinities (calculated using Eq. (11)) are in good agreement, no system is stable with respect to dissociation into a neutral atom and positronium: the positronium affinities for all systems are negative.
In order to calculate the positronium affinity using Eq. (12), we choose − max of anionic system for the electron affinity (EA) as it is empirically found [31] that in the exchange-only work formalism and the HF theory, the − max of the anionic system is, in general, a better estimate of EA than those obtained from the difference of self-consistent total energies of the atom and the corresponding anion. Further, it is observed that such estimates of EA within the present formalism are closer to the experimental EA [32] than those obtained in HF theory by means of Koopmans' theorem [30] . For positron affinity we employ − + (third column in Table III ) since this quantity is, in general, in better agreement with the accurate QMC positron affinity than the one obtained by taking difference of self-consistent energies (using Eq. (10)). The positronium affinities thus calculated are also given in the last column of the Table   III . These values of P sA are less negative than the P sA computed as the difference of the self-consistent energies (Eq. (11) ] are found to be stable against the dissociation into the positronium and an atom. This binding may be attributed to the accurate asymptotic structure of the work formalism HF approximation.
We finally present the one electron properties such as < r n > expectation values for halide anions in the Table IV. The one electron expectation values are in good agreement with their HF counterparts. The computed < 1/r > values are slightly larger than the HF values, implying the slight increase in the positron density towards the nucleus which therefore, should be compensated by small reduction in the long-range of the positron density leading to smaller < r > and < r 2 >. This is indeed the case as can be seen from the Table IV. We have also investigated the binding of positron to neutral atoms in the spirit of Patrick and Cade, by starting with the anion-positron bound state and reducing the ionicity of the system to obtain desired neutral system. It was found that the neutral-atom positron bound state does not exist in the exchange-only work formalism. This, however, is not surprising as the present treatment lacks the electron-positron and electron-electron correlation effects which are crucial to permit such a binding [21] . Further, it has been rigorously shown by Pathak [35] that the deviation from the spherical symmetry is a necessary condition in order that the positron binding to neutral atom would occur.
The present treatment can be extended to include the correlations effects, namely the electron-electron Coulomb correlations, correlation contribution to the kinetic energy and the electron-positron correlation. The first one can be incorporated by modeling the correlation second-order density matrix as suggested by Levy and Perdew [27] while the second one can be derived in terms of density matrices via virial theorem [25] . The electron-positron correlation potential [36] can be added in an ad hoc manner to the effective potential.
IV. CONCLUSIONS
In the present work, the positron binding to negative ions is investigated within the exchange-only work formalism.
The work formalism of Harbola-Sahni seems to provide the Hartree-Fock level description of the electron-positron system as can be seen from the agreement between the present values of positron and positronium affinities and their restricted Hartree-Fock counterpart. The advantage of the work formalism is that its effective potential is local, orbital independent and therefore computationally cheaper. ] are found to be stable against the dissociation into the positronium and the corresponding atom. 
